Recombinant Service System Engineering by Beverungen, Daniel et al.
13th International Conference on Wirtschaftsinformatik, 
February 12-15, 2017, St. Gallen, Switzerland 
Recombinant Service System Engineering 
Daniel Beverungen, Hedda Lüttenberg, Verena Wolf 
Paderborn University, Department Wirtschaftsinformatik, Paderborn, Germany 
{daniel.beverungen,hedda.luettenberg,verena.wolf}@upb.de 
Abstract. Although many methods have been proposed for engineering services 
and customer solutions, most of these approaches give little consideration to 
recombinant service innovation. In an age of smart products and smart data, we 
can, however, expect that many of future service innovations need to be based on 
adding, transferring, dissociating, and associating existing value propositions. 
The purpose of this paper is to outline what properties constitute recombinant 
service innovation and to identify if current service engineering approaches fulfill 
these properties. Based on a conceptual in-depth analysis of 24 service 
engineering methods, we identify that most methods focus on designing value 
propositions instead of service systems, view service independent of physical 
goods, are linear or iterative, and incompletely address the mechanisms of 
recombinant innovation. We discuss how these deficiencies can be remedied and 
propose a first conceptual model of a revised service system engineering 
approach. 
Keywords: Service engineering, recombinant innovation, (product-)service 
system, literature analysis, new service development 
1 Introduction 
The structured design of value propositions—also referred to as Service Engineering or 
as Product-Service Systems (PSS) Engineering [1–3]—has been a focal area of the 
Service Science discipline since the 1980s. Ever since, a plethora of methods has been 
proposed for designing ‘services’ or ‘customer solutions’ that consist of services, 
products, and information technology [1]. Against the properties of ‘service’ as the 
basic unit of exchange [4], we will refer to all these methods as ‘service engineering’ 
here for short. Most service engineering methods prescribe service design as a top-
down engineering process that spans from idea management to introduction of a value 
proposition onto the market. Subsequently, service is co-created by service providers 
and service customers, thereby generating value-in-use for the stakeholders involved. 
While the relevance of service engineering has increased [5], our understanding of 
service engineering has also shifted conceptually. In particular, the advent of smart 
products has enabled companies to offer value propositions that rely on context-specific 
field data that are made available in real-time. Discussed under the headword ‘Internet 
of Things’ or ‘Internet of Services’, these trends usher a new era of (smart) service 
systems engineering that is increasingly focused on designing integrated conglomerates 
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of products, services, and information technology, which jointly provide value 
propositions based on which service and value-in-use are co-created [4], [6], [7]. 
However, as opposed to a considerable body of knowledge on service engineering, 
the value and applicability of the available methods for the era of smart service is 
questionable for two reasons. First, many of the available methods seem complex, over-
engineered and overwhelmingly cumbersome, and require large investments to be made 
before a value proposition can be offered on the market [3], [8]. Second, most 
approaches implicitly assume an inside-out perspective that is based on defining 
(modular) value propositions that service providers offer to their clients [8], [9]. In 
contrast, the progressing availability of smart products and smart data suggests that 
many future innovations will be recombinant instead [10]. A recombinant innovation 
is not designed and brought to market by means of a top-down engineering process, but 
is developed by combining existing resources and solutions supplied by different 
stakeholders, and filling the gaps between them to co-create innovative value-in-use in 
a service system. 
The purpose of this paper is to conceptualize recombination as a type of service 
innovation and—based on this conceptualization—to assess the suitability of existing 
service engineering methods to foster this type of innovation. We answer the following 
research question: To what extend do current service engineering methods support 
recombinant service innovation? 
The remainder of the paper is structured as follows. In Section 2, we review and 
discuss related literature on service engineering, new service development, and 
(product-)service system engineering, as well as literature on service innovation and 
service modularization. In Section 3, we explain and justify our research method that 
includes a literature review and a conceptual analysis of service engineering methods. 
In Section 4, we report the findings of our conceptual analysis. In Section 5, we propose 
design principles and present a conceptual service system engineering approach that 
implements these design principles. Section 6 concludes the paper. 
2 Related Research on Service Engineering and Innovation 
2.1 Developing/Engineering (Product-)Service (Systems) 
The first approaches covering the development of services were published under the 
banner of “New Service Development” (NSD) in the Anglo-American literature of the 
1980s [11]. Johnson et al. [12] outline why “NSD research mirrors that in NPD” (New 
Product Development) and focuses on success factors, which “address what should be 
done, not how it should be done” [12] (emphases contained in the text). NSD mainly 
focuses on particular issues in service development, e.g. quality [13], [14], prerequisites 
for services [13], service blueprinting [15], or enablers for service development [12]. 
The approaches often contain frameworks or (partial) processes without presenting 
detailed methods or tools for service development [12]. Also, they often focus on a 
service management or service marketing perspective [11], [13], [16].  
In parallel to NSD, another research stream started in the 1990s, transferring know-
how from engineering disciplines and software development to service development 
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[5]. Standardized process models, methods, and tools for product and software 
development were analyzed and adapted for service development [5]. The aim was to 
build on advantages of engineering processes like improved efficiency, reduced 
development time and costs, and increased quality for service development [11].  
A center of activities in this research stream was in Germany, where the term 
“service engineering” was used since the mid-1990s [5]. Here, several initiatives, 
conferences, and publicly funded projects were initiated since 1994 to strengthen the 
research activities and competences in structured service development [5]. From the 
funding program Dienstleistungen für das 21. Jahrhundert (Services for the 21st 
Century), service engineering emerged as an independent focus topic [5].  
Several process models for service engineering have been designed in papers and 
several PhD theses [17–19]. Early approaches feature three to seven steps that can be 
repeated iteratively. These approaches have close references to product engineering 
approaches and, therefore, consider service as a product without taking into account 
other aspects, such as organizational or social impacts [2], [11], [19], [20]. 
More recent research extends the point of view from designing a value proposition to 
designing a service system. Scheuing and Johnson [16] already highlight the necessity 
to convert “the new service concept into an operational entity”. Klein [17] develops a 
systems engineering approach based on considering the service engineering system as 
a social system. Becker et al. [3] identify different conceptualizations of product-
service systems. Böhmann et al. [2] “conceptualize a service system as a socio-technical 
system that enables value co-creation guided by a value proposition”; it includes “not 
only data and physical components, but also layers of knowledge, communication 
channels and networked actors” [2]. Service is a “collaborative process creating 
context-specific value” and can be supported by information systems [2]. Engineering 
service systems comprise defining service architectures (i.e., modules of a service 
system and their interactions), designing interactions in service systems, and mobilizing 
human, physical, and information resources [2]. 
2.2 Recombinant (Service) Innovation 
Innovation in general can be defined as a discontinuous change  and describes a new 
solution or renewal of an existing solution [21]. As opposed to mere invention, 
innovation has practical or commercial value [22]. 
The extant literature conceptualizes six innovation processes [23] that can be either 
planned, intentional, or unintentional, which emphasizes an innovation’s emergent 
character [24]. These innovation processes are: radical innovation, improvement 
innovation, incremental innovation, ad hoc innovation, recombinant innovation, and 
formalization innovation. In theory, most innovations are based on some sort of 
recombination [22], since hardly any innovation cannot be deduced from prior known 
building blocks [25]. Therefore, we will focus on recombinant innovation here. 
Recombinant innovation relies on combining existing elements to design new 
services or to generate a new relationship between previously uncombined components 
[26]. It has been claimed to be a role model for service innovation [24] that can lead to 
incremental improvements as well as radical changes [27] in service systems.  
138
The four basic operations of recombinant innovation are summarized and visualized 
in Figure 1. They can be concatenated to build more complex innovation patterns. 
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Figure 1. The four basic operations of recombinant innovation 
Dissociation and association are two basic principles of recombinant innovation [28]. 
Association refers to designing a new value proposition by combining (or 
“associating”) two or more existing services. Theoretically, any component can be 
recombined with any other component [26]. This indicates that the number of new 
combinations is a combinatorial function of the number of existing ideas [29]. An 
existing service can also be transferred to another context for which it was initially not 
designed [21]. Dissociation refers to designing a new value proposition by splitting up 
an existing one, isolating certain characteristics or a subset of operations, categorizing 
them, and turning certain elements into marketable services [30]. Services that have 
been split up into elements can be combined or integrated with other elements that were 
unconnected before [27]. Another principle of recombination is the addition of new 
value propositions [29]. 
Knowledge that is recombined can be drawn from internal and external resources. 
Internal resources refer to the capability to recombine a company’s internal procedures 
in storing, retrieving, and processing knowledge [23]. Externally, firms retrieve 
knowledge through their relation with customers, suppliers, and other stakeholders that 
are involved in a service system [23]. Their relations give them access to valuable 
resources that cannot be generated internally. If resources possessed by the involved 
parties are similar, knowledge can be transferred efficiently leading to innovations, 
which however are rather incremental [31]. Integrating distant resources can lead to 
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innovative breakthroughs, but presuppose that the actors can overcome cognitive 
disparities to absorb new knowledge efficiently. 
Recombinant innovation relies on assumptions. First, it is assumed that a service can 
be broken down into clearly identified and defined elements [31]. Second, it is assumed 
that firms have the ability to maintain variety [27]. Third, recombinant innovation 
operates through continuous and cumulative creation of knowledge [30]. Managing this 
knowledge is complex [30], since successful recombinant innovation requires 
formalization and is therefore often built on a modular architecture [32]. This 
architecture allows the systematic reutilization of elements, which also leads to major 
resource savings [30]. Fourth, recombinant innovation requires certain competences of 
the agents, development work, and creativity [23]. 
2.3 Mass Customization and Modularization of Value Propositions 
Mass customization [33] is a well-known strategy to efficiently deal with 
heterogeneous customer demand, based on configuring (seemingly) individualized 
value propositions that are composed of pre-defined modules. 
Most of these methods include a service engineering process in which an initial set of 
goods, services, and IT modules are designed, often by defining a catalogue of items 
that are for sale [34], [35]. The design of modules is based on principles of strong 
cohesion and loose coupling. A crucial part of the engineering process is to specify 
modules and configuration rules with a (semi-)formal modeling language [35], [36]. 
The service engineering process is concluded with publishing a modular service 
architecture [37] that specifies the available components independent of specific 
customer requests. 
In order to develop a value proposition for a particular customer, a service provider 
has to identify the needs, wants, and demands [38] of a particular customer, and 
configure a value proposition accordingly. The configuration process is based on fitting 
a subset of pre-defined modules together, allowing service providers to offer 
(seemingly) individual value propositions that fit a particular customer’s demand. 
3 Research Method 
We performed a literature review to elicit what properties constitute recombinant 
innovation and analyzed which service engineering methods fulfill these properties. 
The literature review was performed in line with the guidelines proposed by Webster 
and Watson [39]. After completing an informal screening phase, we compiled service 
engineering methods in several electronic libraries by applying German and English 
search strings. The literature research was conducted in the online data bases “Business 
Source Complete (via EBSCO Host)”, “Association of Information Systems Electronic 
Library” (AISEL), and “Scopus”. In addition, an extensive search was conducted in the 
journal Service Science, a local university library, and an inter-library loan system. 
Additional papers were compiled in a forward and backwards search to pinpoint articles 
that remained unidentified in the initial phase [39]. The search identified 24 methods. 
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Based on the literature we developed a concept matrix with eight dimensions. The 
dimensions were derived from the key properties of recombinant innovation and service 
engineering. Three coders individually used the concept matrix to analyze the identified 
service engineering methods. The initial inter-coder reliability [40] was measured using 
average pairwise percent agreement (A0= 0.861), Fleiss’ Kappa (κ=0.676), average 
pairwise Cohen’s Kappa (κ=0.676), and Krippendorff’s Alpha (α= 0.677). As all values 
are above the critical value of αmin= 0.667, concordance between the agents regarding 
the identified criteria can be assumed. Subsequently, we conducted a workshop to 
discuss and remedy conflicting assessments, until saturation was reached. 
From the resulting concept matrix, a conceptual analysis was performed to identify the 
current state and research perspectives for service system engineering. Conceptual 
research can be used to initiate theory development and to assess and enhance theory 
[41]. Based on the analysis, we identify design principles that need to be considered by 
service system engineering methods and develop a conceptual approach as a prototype 
that communicates the design principles. 
4 Conceptual Analysis of Service Engineering Methods 
We use a concept matrix to provide a systematic review of service engineering methods 
[39]. While the matrix identifies the completeness of each method vis-á-vis theoretical 
concepts, any gaps and other topics are identified on the population level [39]. 
Our concept matrix is built on four types of constructs (Table 1). First, we identify 
addition, dissociation, and association as basic operations of recombinant innovation. 
Addition refers to recombining an existing value proposition with a novel characteristic. 
While each service engineering approach adds a new value proposition, we excluded 
approaches that did not explicitly identify preexisting value-propositions. Dissociation 
refers to a value proposition that is disaggregated into sub-components that are 
marketable themselves and/or can be combined with other modules adjacently. 
Association is a new combination of pre-existing value propositions or transfer of value 
proposition in a context for which this value proposition was not explicitly designed. 
Importantly, we submit that assembling pre-defined modules into (seemingly) unique 
solutions—as often done in modular service architectures—is not association in terms 
of a recombinant innovation, since modular service architectures often assume a finite 
solution space. Instead, we consider association to happen at design time, establishing 
new composite modules and/or new configuration rules. 
Second, we identify if a service engineering method applies to designing a value 
proposition or if it is focused on designing a service system as socio-technical system 
for value co-creation. Since recombinant innovation often represents a combination of 
internal and external resources [42], service system engineering should identify the 
resources contributed by stakeholders in a service system early on. 
Third, the type of process is identified as linear, iterative, or prototyping [43]. Linear 
models are characterized by discrete and consecutive process steps [43]. Iterative 
models exhibit multiple repetitions of the involved activities [43]. In prototyping 
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models, a value proposition is refined by means of prototypes that communicate design 
ideas and explore the solution space, as proposed in Design Thinking [44]. 
Fourth, we identify if a service engineering method comprises the design of value 
propositions solely or if it also covers the design of value propositions in combination 
with physical goods. This combination of value propositions with physical goods 
results in Product-Service System (PSS), which allow the creation of new business 
models and added values for the customers [45]. 
Table 1. Conceptual analysis of service engineering methods, in chronological order 
 internal / external resources  
model  
scope 
model 
type 
type of 
solution 
 association: transfer   
 association: new combination     
 dissociation       
 addition         
Scheuing et al. [16] - - - - x Value Prop. linear Service 
Shostak et al. [15] - - - - - Value Prop. iterative Service 
Edvardsson et al. [13] - - - - - System linear Service 
Ramaswamy [14] - - - - - Value Prop. linear Service 
Schwarz [46] - - - - - Value Prop. linear Service 
DIN Fachbericht 75 [20] x x x - - Value Prop. linear Service 
Jaschinski [19] x x x - x System iterative Service 
Johnson et al. [12] - - - - - System iterative Service 
Schreiner et al. [47] - - - - - Value Prop. linear Service 
Meiren et al. [11] - - - - - System linear Service 
Morelli [48] - x x x - System iterative PSS 
Schneider et al. [43] x - - x x Value Prop. linear Service 
Kunau et al. [49] x - x - x System iterative Service 
Herrmann et al. [50] - x - x x Value Prop. linear Service 
Bullinger et al. [51] - - - - - Value Prop. iterative Service 
Kersten et al. [52] - x x - x Value Prop. linear Service 
Lindahl et al. [53] - - - - - Value Prop. linear PSS 
Botta [18] x x x - - Value Prop. iterative PSS 
Tuli et al. [54] - - x - x Value Prop. linear PSS 
PAS 1082 [55] x - - - x System iterative Service 
Becker et al. [9] - - - - - Value Prop. linear PSS 
Vasantha et al. [56] - - - - x System iterative PSS 
Kim, et al. [57] x - x x - Value Prop. linear PSS 
Müller [45] x x x - x System linear PSS 
 
Our literature analysis of (product-)service (systems) engineering methods revealed 
four insights. First, few methods take a service system perspective, but rather focus on 
engineering a value proposition. Only ten methods consider the resources of customers, 
but limit the customers’ role to requirements or need elicitation.  
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Second, using the identified basic operations of recombinant innovations as device 
of mind reveals that addition, dissociation, and association are seldom included in 
available service engineering methods. Twelve of the 24 analyzed approaches do not 
cover one of the stated operations at all, including all considered NSD approaches. 
Although eleven of the twelve remaining approaches include association, only four 
methods feature the operation transfer, which shows the largest gap.  
Third, value propositions are not always perceived as solutions that can comprise 
both physical goods and services. Many approaches refer merely to engineering 
services without reference to any physical goods. Although only eight of the evaluated 
approaches focus on combining physical goods and services into customer solutions, 
these approaches became more frequent recently. Since 2006 all developed methods 
except one target PSS, which reveals a clear trend towards introducing all available 
types of resources into the co-creation of value. 
Fourth, all evaluated approaches represent sequential or iterative processes and do 
not feature a prototypical approach as it is much discussed in Design Thinking or 
Software Engineering nowadays. As product development models are often linear 
approaches, some adapted methods for service engineering retained this structure. 
5 Discussion 
5.1 Design Principles for Service System Engineering Methods 
The design principles are based on the four insights from literature analysis. They can 
be regarded as theory for design of service system engineering methods [58]. Thereby, 
the design principles explicitly prescribe how to build a service system engineering 
approach for recombinant innovation. 
 
Design Principle 1: Take a service system engineering perspective 
The analysis reveals that many service engineering methods present processes for 
designing a value proposition that is offered to a customer, but they refrain from 
specifying how the co-creation of value would be performed. Many approaches seem 
to implicitly take a goods-dominant logic perspective [4], [6] in which “services”, 
“customer solutions”, or “product-service systems” are engineered as marketable 
solutions, while refraining to specify the properties of a service system as a socio-
technical system. This perspective is in line with methods for product engineering, 
foremost with the VDI-Standard 2221 [59], according to which many service 
engineering methods were designed. Even in Service Science, early papers defined a 
product-service system as “a mix of tangible products and intangible services designed 
and combined so that they jointly are capable of fulfilling final customer needs” [60]. 
As a result, “service engineering models, methods, and tools rarely focus on the 
development of service architectures” [2]. We argue that with the proliferation of 
technology in all societal sub-systems, integrating fragmented resources in socio-
technical service systems will be increasingly crucial to provide superior value-in-use. 
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In line with this claim, the service-dominant logic of marketing [4], [6] posits that 
companies cannot offer service per se, as they can only offer value propositions that 
are enacted through a value co-creation of service providers and service customers, 
creating value-in-use for the actors involved. “Service systems comprise service 
providers and service clients working together to coproduce value in complex value 
chains or networks” [61]. Later, service systems were coined the basic abstraction in 
Service Science and defined as “a dynamic configuration of resources, including 
people, organizations, shared information (language, laws, measures, methods), and 
technology, all connected internally and externally to other service systems by value 
propositions“ [7], [61]. (Product-)service systems are socio-technical systems that 
enable co-creation of value by service providers and service customers [3], [2].  
We argue that the design of service systems has to take a broader account than 
specifying the value proposition offered. But it should also focus the organizational and 
technological context that is required to turn a value proposition into value-in-use. 
Organizational and technological context comprise the assets and core competences 
that are brought to bear on the co-creation of value by (networks of) service providers 
and (networks of) service customers, including people, assets, processes, information 
systems and data, money, and relations with other actors that participate in a service 
(eco-)system. This view is beyond an abstract ‘implementation’ phase—as included in 
many current methods—since implementation refers to building up internal resources. 
 
Design Principle 2: Recombine related resources in service systems  
The analysis reveals that few of the reviewed service engineering methods refer to all 
aspects that constitute recombinant (service) innovation. Instead, many methods seem 
to perceive service engineering as a genuinely creative process that is conducted to 
design new value propositions from scratch, while not explicitly reusing or integrating 
solutions that are available in the service (eco-)system. As opposed to this finding, 
Brynjolfsson and McAfee [10] argue that in our Second Machine Age most innovations 
will be created based on recombining existing resources. 
Recombinant innovation differs from configuring value propositions based on 
predefined modules. Methods for service modularization and configuration [35], [36], 
[62] usually presuppose that a finite solution space can be designed that is constrained 
by all permutations of the specified modules. Müller [45] refers to this approach as the 
configuration shortcut. In contrast, our approach is focused on service engineering 
itself, in which solutions are recombined to identify any missing modules that are 
required to set up a new value proposition and to co-create value-in-use. 
In line with addition, dissociation, association, and transfer as the basic operations 
of recombinant innovation, we argue that service system engineering methods should 
explicitly identify the properties of the current service system as well as the value-
propositions that can be designed and co-created with these resources. This relational 
approach goes beyond many available approaches [63], most of which focus on 
requirements elicitation and analysis. We argue that this perspective is inherently 
goods-dominant, since it does not put assets and core competencies of the involved 
stakeholders center-stage. As a result, requirements analysis is often not described as 
relational process, but as activity that is performed by a service provider alone. 
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Based on the socio-technical properties of service systems, a relational view on 
service system engineering would fit assets and core competencies of the involved 
actors together (association), further advance and detail existing assets and core 
competencies (dissociation), engineer new value propositions and transform the service 
system (addition), and apply resources outside their intended context of use (transfer). 
 
Design Principle 3: Conceptualize value-in-use as based on both access to external 
resources and transfer of ownership of physical goods 
Not surprisingly, our analysis refers to different types of service engineering 
approaches. While many methods in NSD focus on designing immaterial value-
propositions, Service Engineering often explicitly integrates physical goods and 
services. Service research in the latter stream has come a long way from hybrid value-
creation [64] to cyber-physical systems that view smart objects as resources in service 
systems. 
Since we expect that many future service systems will be based on data and 
functionality provided by smart objects, we strongly argue that service systems must 
be designed to explicitly consider all resources that are available for recombination. 
Supporting this view, service-dominant logic [4], [6] has long advocated that physical 
goods are distribution mechanisms for service, since they stem from operand resources 
that stakeholders contribute to service systems. The rental-access paradigm [65] has 
highlighted that the core of service (as opposed to transferring ownership of products) 
is temporary access to resources, which customers do not own themselves.  
 
Design Principle 4: Use prototypes to communicate the design of service systems 
The analysis revealed that many methods conceptualize service engineering as a linear 
or iterative process, but seldom suggest prototypical approaches. Service engineering 
methods, in particular, feature many steps before a value proposition is offered to a 
customer. In contrast, innovation literature states that innovation is emergent and can 
even happen unintentionally or unplanned [24]. 
Recently, the Design Thinking movement has argued strongly for organizing 
engineering as a cyclic process that comprises several design cycles, each of which ends 
with a prototype. Similar approaches have been applied in software engineering for 
some time, including Scrum and other agile software development methods. A cyclic 
approach is also in line with the basic tenets of design science research that 
conceptualize design as building and evaluation [66], or with the cyclic approach 
presented in Action Design Research [67]. 
Since future service systems will rely strongly on data and information systems, we 
propose that they need to be designed with agile methods, as those proposed in software 
engineering. Service system engineering methods should, therefore, feature cycles of 
design and evaluation, followed by processes of organizational learning. 
5.2 A Service Systems Engineering Approach for Recombinant Innovation 
We visualize the design principles by presenting a conceptual method for service 
system engineering (Figure 2). The method builds on many established concepts of 
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service engineering, since we reviewed all steps that current service engineering 
methods feature, and reorganized them for compatibility with our design principles. 
Our method comprises Service System Analysis, Service System Design, and Service 
System Transformation as its three basic sub-processes.  
 
Figure 2: A method for recombinant service system engineering 
Service System Analysis is started to remedy a problem or to realize an opportunity 
by (re-)designing a service system. In Idea Management, different ideas are identified 
and evaluated to identify those that are worth pursuing in a detailed analysis. 
Subsequently, an extensive Requirements Analysis is performed. Extending current 
methods, Requirements Analysis explicitly identifies the resources present in a service 
system, to enable the involved actors to recombine their assets and core competencies. 
Service System Design comprises Business Model Design, followed by Service 
Concept Design, and Service Concept Evaluation. These activities are organized is 
cycles, in line with the design science paradigm that conceptualizes design as “to build” 
and “to evaluate” [66]. The Service Concept Design can comprise physical goods 
whose ownership is transferred in exchange processes and resources that can be 
rented/accessed by other actors in a service system. 
Service System Transformation comprises implementing the final Service System 
Concept in order to integrate further resources and learn additional core competencies 
that are required to co-create the intended value-in-use. Therefore, the service system 
is transformed as a socio-technical system, beyond designing value propositions and 
then implementing resources. The service system engineering process is dynamic and 
focuses on developing viable prototypes as result of each cycle. 
A Decision Point connects all three sub-processes. After Requirements Analysis is 
completed, service system engineers can decide to either recombine existing resources 
(transfer, association) and commence with Service Concept Implementation, or to 
commence with Service Concept Design (addition, dissociation). At the same time, the 
decision point marks the judgement to leave the design cycle after a viable Service 
Concept has been designed that complies with the identified requirements. 
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 6 Conclusion 
Based on a conceptual analysis of service engineering methods, our paper offers three 
contributions to research and practice. First, we provide an update on the methods for 
service engineering that have been proposed in various research streams in the Service 
Science discipline. Second, we identified conceptual shortcomings with respect to (a) 
applying a service systems perspective, (b) considering the basic operations of 
recombinant innovation that will likely become more prominent in what Brynjolfsson 
and McAfee [10] have termed the Second Machine Age, (c) considering the transfer of 
ownership for physical goods and the rental of/access to external resources, and (d) 
prototypes for designing value propositions. Third, we proposed design principles for 
service system engineering and visualized them with a conceptual model. 
Limitations refer to the lack of generalizability that is inherent to conceptual and 
qualitative research. While we took precautions to objectify the coding process and 
attain inter-coder reliability, we acknowledge that other researchers might have come 
to different assessments of the reviewed service engineering methods. 
Other researchers and practitioners can build on our results in multiple ways. First, 
as an IT artifact the design principles can be subjected to demonstration and evaluation 
that inform further design cycles. In particular, we are eager to see how the four basic 
operations of recombinant innovation can be applied successfully. Second, an 
evaluation could also shed light on how intensively or loosely product engineering and 
service systems engineering should be intertwined. While a close integration seems 
favorable to design consistent value propositions, loosely coupling the processes could 
keep the design of service systems agile, while decoupling them from more inflexible 
product development processes. Third, researches should investigate if organization do 
have the necessary resources at their disposal to implement the proposed approach. 
Concomitant, investigating synergist effects can be another area for future research. 
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